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Form PCT/1 PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/IB99/01 957 



I. Basis of the rep rt 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70, 16 and 70.17),): 
Description, pages: 

1-12,19-21,23. as originally filed 
24 

22 as received on 14/07/2000 with letter of 07/07/2000 

1 3-1 8 with telefax of 06/02/2001 



Claims, No.: 

1 -8 with telefax of 06/02/2001 

Drawings, sheets: 

1/6-6/6 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: . which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 
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4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



International application No. PCT/IB99/01 957 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-8 (but see Vlll:3) 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-8 (but see Vlll:3) 




No: 


Claims 




Industrial applicability (lA) 


Yes: 


Claims 


1-8 




No: 


Claims 





2. Citations and explanations 
see separiate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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V. Reasoned Statement 

Initial note: 

The amendments requested with the Applicant's letter of 07.07.00 have been 
accepted; i.e. on original page 22, lines 13 and 15, "Gln-Gly" has been 
replaced by "Asp-Pro". 

The following document will be referred to in this report: 
D1 = WO- A- 9101758 



1 . Novelty (Article 33(2) PCT) 

The drug polymer derivatives disclosed in the Applicant's earlier application, 
D1 , consist of proteins linked to e.g. PEG via a linker that can be a residue 
of 1-3 amino acids; see for instance claims 5-6 of D1 . 

The present application provides a selection of dipeptide linkers and this 
subject-matter (Claims 1-7) can therefore be seen as novel (by selection) 
over said document and any other cited prior art. 

The intermediates of Claim 8 are also considered novel over the prior art for 
the same reason. 
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2. Inventive step (Article 33(3) PCT) 

As discussed on page 9, the use of these selected dipeptides results in 
M-bound reporter moieties that are very stable to acid hydrolysis and 
easily identified by a later analysis. 
See also the examples. 

This could not be derived from the cited prior art and the inventive step 
is therefore acknowledged. 



VIII. Certain observations 

Claims: 
1. 

The definitions of Claim 1 could be simplified, e.g. 

A biological active conjugate of formula (I): 
FE-L-M, where 

M = a peptide, polypeptide or protein, 

L = a linker comprising a dipeptide selected from Met-Nle, Met-BAIa, 

Gln-Gly or Asp-Pro 
FE = PEG, PVP, PacM, dextran, hormones, antibodies or antibody 

fragments 

2. 

Claim 7 appears somewhat unclear; it could possibly be simplified by first 
referring to FE, L and M without definitions, and then add, at the end of 
the claim, "where FE, L and M are defined as in Claim 1". 
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3. 

Owing to the ternn "connprising" in the definitions of the linkers, said linkers 
are not restricted to dipeptides (but cover any longer peptide including these 
dipeptide fragments). 

In so far as FE, L and M are all peptide sequences (e.g. antibody fragment 
+ linker + peptide/protein), the claims cover quite undefined polypeptides/ 
proteins. 

This question may have to be reviewed at a later national/regional phase. 
Note that FE = PEG in all examples. 



Description: 
4. 

The Description has to be adapted to the amended claims, it should not give 
the impression that FE, L or M have broader definitions than those given in 
the amended claims. 



MB. 

All observations are intended for consideration in any later phase. 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997) 



wo 00/33881 




PCT/IB99/01957 



Fig. 4 a) is the HPLC elution of (MPEG - Met - Nle)2 - insulin; b) being 
the HPLC elution of (Nle) ^ - insulin obtained from CNBr cleavage of 
(MPEG - Met - Nle)2 - insulin; 

Fig. 5 a) is the Maldi mass spectrum of Nle - insulin obtained from 
5 CNBr cleavage of MPEG - Met - Nle-insulin, b) being the Maldi mass 
spectrum of (Nle)2 - insulin obtained from CNBr cleavage of 
(MPEG - Met - Nle) ^ - insulin. 

Fig- 6 is the chromatographic profile of a) native lysozime, b) being 
MPEG - Met - Nle - conjugate lysozime, c) being Nle - lysozime 
10 obtained from CNBr cleavage of MPEG - Met - Nle - conjugate 
lysozime. 

Example 1. Synthesis of MPEG-Met-Val-OH (5000 Pa) 

MPEG - OH 5000 (where MPEG is Poly(ethylene glycol) methyl ether), 

15 dissolved in anhydrous methylene chloride, was reacted with 4-nitro- 
phenyl chloroformate at pH 8 in the presence of equimolecular amount 
of triethylammine to give MPEG-p-nitrophenylcarbonate. 1 g of the 
product (0. 19 mmol) was added in small portions to 283 mg (1. 14 
mmol) of H-Met-Val-OH dissolved in 4 ml of a 50% acetonitrile 

20 solution in water and brought to pH 8 with TEA. After ovemight 

stirring, the pH of the reaction mixture was adjusted to 3 using solid 
citric acid; 4-nitrophenol was removed by ether extraction while the 
product was later extracted by chloroform. The organic solution was 
anhydrified with solid dry Na2S04 and concentrated under reduced 

25 pressure. After the addition of 200 ml of diethyl ether to the 

chloroform, the solution was cooled at -20°C for 1 hour and the 
separated product was collected by filtration and dried under vacuum. 
The MPEG-Met-Val-OH was further purified by ionic exchange 
chromatography on a QAE-Sephadex A50 column (2.5x55 cm) eluted 

30 first with water and then with a water solution of NaCl 10 mM. The 
eluted fractions were analysed by iodine assay to detect PEG. The 
fractions containing the sodium salt of MPEG-peptide were collected, 
acidificated and lyophilised. The yield was 70-75% in MPEG-peptide. 
The product was identified by 'H-NMR (200 MHz; CDCI3). 



35 
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Example 2. Synthesis of MPEG-Met-Nle-OH (5000 Da) 
MPEG 5000 was bound to Met-OH to obtain MPEG-Met-OH following 
the naethod described in example 1 in the preparation of 
MPEG-Met- Val-OH. 523 mg (2.88 mmol) of H-Nle-OMe and a 
5 equimolecular amount of TEA (401 \xl) were added to a solution of 10 
ml of anhydrous dichloromethane, containing 3.71 g (0.72 mmol) of the 
synthesised MPEG-Met-OH, 305 mg (0.72 mmol) of l-cyclohexyl-3-(2- 
morpholinoethyl)carbodiimidemetho-p-toluenesulfonate (CMC) and 
97 mg (0.72 mmol) of l-hydroxybenzotriazole (HOBt). After stirring for 

10 3 days at room temperature, the mixture was dropped into 250 ml of 
diethyl ether; the precipitate was collected by filtration and dried under 
vacuum. The product was further purified by ionic exchange 
chromatography on a QAE-Sephadex A50 column (2.5x55 cm) eluted 
first with water and then with a water solution of NaCl 10 mM. The 

15 fractions were analysed by iodine assay to reveal the presence of PEG, 
The fractions containing the MPEG-peptide-methyl ester 
(MPEG-Met-Nle-OMe), were collected and lyophilised. The yield was 
93%. The structure of the product was verified by ^H-NMR (200 MHz; 
CDCI3). 

20 

The methyl ester of Nle was hydrolysed in a solution of methanol 
containing 20 equivalents of NaOH IN, left stirring the mixture for 2 
days at room temperature. The solution pH was brought to 2 using HCl 
IN and the product extracted into chloroform. The chloroform solution 

25 was anhydrified with solid dry Na2S04 and concentrated imder reduced 
pressure. The addition of 200 ml of diethyl ether, under vigorous 
stirring, yielded a solid product that was collected by filtration and dried 
xmder vacuum. The yield was 67% in MPEG-Met-Nle-OH. The product 
identity was verified by ^H-NMR (200 MHz, CDCI3). The spectrum is 

30 reported in Fig. 1. 

Example 3. Synthesis of MPEG-Met-Nle-OH flOOOO Da^ 

The product was prepared according to example 2 but starting from a 

MPEG-OH of 10000 MW. 

35 
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Example 4. Synthesis of CMPEG-Met-Nle^^-nonapeptide 
The MPEG-Met-Nle-OH terminal COOH was activated as 
hydroxysuccinimidil ester (MPEG-Met-Nle-OSu) according to a method 
already reported in literature for MPEG with Nle as aminoacid spacer 
5 (Applied Biochemistry and Biotechnology, 27, 45-54, 1991). 

Totally protected nonapeptide obtained by solid phase synthesis with 
the following structure 

Nps-Thr(tBu)-Ser(tBu)-Asp(OtBu)-Tyr(fBu)-Ser(fBu)- 
10 Lys-(Boc)-Tyr(fBu)-Leu-Asp(OfBu)-OH was deprotected maintaining it 
in a 1:1 mixture of trifluoroacetic acid and dichloromethane, for 2 
hours at room temperature. The solution was concentrated to dryness 
and the Nps group removed by repeated extractions in diethyl ether at 
0°C. The product was finally dried under vacuum for 12 hours over 
15 KOH, The yield of the totally deprotected peptide was 90%. 

43 mg (4.0 |imol) of MPEG-Met-Nle-OSu were added, in small portions, 
to 0.9 mg (0.8 fxmol) of the deprotected nonapeptide dissolved in 1 ml 
of DMSO, at pH 8 with TEA. (nonapeptide : MPEG-Met-Nle-OSu molar 

20 ratio = 1: 5). After 3 days stirring at room temperature, the pH of the 
reaction mixture was adjusted to 3 using HCl IN and the product was 
extracted many times into chloroform. The chloroform solution was 
anhydrified with solid dry Na2S04 and concentrated to dryness. The 
conjugate was further purified by means of a Shimadzu 

25 semi-preparative HPLC system, using a reverse-phase Vydac 218TP54 
column (C 18 bonded-phase, 0.46x25 cm i.d, 5 |J.m particle diameter) and a 
linear gradient of aqueous 0.05% trifluoroacetic acid and 0.05% 
trifluoroacetic acid in acetonitrile. The absorption at 280 nm 
wavelength was monitored. The product was characterised by iodine 

30 assay for MPEG and aminoacid analysis. 

Example 5, Synthesis of MPEG-Met-Nle-insulin 

8.6 mg (1 ^imol) of MPEG-Met-Nle-OSu prepared as in example 4, were 
added to 6 mg (1 |imol) of bovine insulin dissolved in 1 ml of DMSO 
35 (amino groups of insulin: MPEG molar ratio = 3: 1) and the mixture 
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was left stirring for 5 hours at room temperature. The conjugate was 
purified by means of a Shimadzu preparative HPLC system, using a 
reverse-phase Vydac 218TP1022 column (C^g bonded-phase, 2.2x25 cm 
i.d., 10 um particle diameter) and a linear gradient of aqueous 0.05% 

5 trifluoroacetic acid and 0.05% trifluoroacetic acid in acetonitrile, 

monitoring the absorption at 280 nm wavelength. The fractions of the 
main elution peak of conjugated insulin were collected and 
lyophilised. The identity of the product was evaluated by amino groups 
colorimetric assay that indicated the loss of one amino residue in 

10 insulin and by aminoacid analysis after acid hydrolysis that revealed 
one Nle per insulin, again in favour of binding of a single polymer 
chain per insulin molecule. 

Example 6. Synthesis of fMPEG-Met-NleVinsulin 

15 17 mg (2 ^imol) of MPEG-Met-Nle-OSu prepared as in example 4, were 
added to 6 mg (1 jimol) of bovine insulin dissolved in 1 ml of DMSO 
(amino groups of insulin : MPEG molar ratio = 3:2). After stirring for 5 
hours at room temperature, the product was purified by reverse-phase 
HPLC as described in example 5 for MPEG-Met-Nle-insulin. The 

20 fractions of the main elution peak of conjugated insulin were collected 
and lyophilised. The identity of the conjugate was evaluated by amino 
groups colorimetric assay that indicated the loss of two amino residues 
and by aminoacid analysis after acid hydrolysis that demonstrated the 
presence of two Nle per insulin, indicating the binding of two PEG 

25 moiety per insulin molecule. 

Example 7. Reaction of fMPEG-Met-NleV-nonapeptide with CNBr 
1 mg (85.2 n,mol) of (MPEG-Met-Nle)2-nonapeptide, obtained as 
described in example 4 was treated with 100 equivalents of CNBr in 

30 aqueous 70% formic acid (according to Methods in Enzymology, pag. 
238-254, 1967). After 24 hours standing at room temperature, the 
mixture was poured into 10 volumes of water and lyophilised. (the 
procedure was repeated twice). The obtained products were analysed by 
means of a Shimadzu analytical HPLC system, using a reverse-phase 

35 Vydac 218TP54 column (C^g bonded-phase, 0.46x25 cm i.d., 5 um particle 
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diameter) and a linear gradient of aqueous 0.05% trifluoroacetic acid 
and 0.05% trifluoroacetic acid in acetonitrile. The elution pattern 
indicated a shift in the elution times from 36.3 min- for the 
PEG-peptide conjugate, to 15.8 min. for the same product upon 
5 treatment with CNBr. This value was close to that of the peptide alone 
(16.4 min.) demonstrating that the PEG moiety was removed. 
Aminoacid analysis after acid hydrolysis and mass spectrometry 
revealed the presence of two Nle residues per peptide molecule, 
indicating the validity of this method in removing PEG from the 
10 molecule leaving Me as reported group bound to the polypeptide. 

Example 8. Evaluation of the number of polymer chains bound to 

differently modified insulin samples after polymer removal 

The products obtained as described in example 5 and 6 corresponding to 

15 insulin conjugates with one or two chains of MPEG-Met-Nle 

respectively, were treated with CNBr in aqueous 70% formic acid. The 
molar ratio between insulin content and CNBr was 1 to 200. After 24 
hours stirring at room temperature, the mixture was poured into 10 
volumes of water and lyophilised and the procedure was repeated 

20 twice. The obtained products were analysed by means of a Shimadzu 
analytical HPLC system, using a reverse-phase Vydac 218TP54 column 
(Cjg bonded-phase, 0.46x25 cm i.d., 5 um particle diameter) and a linear 
gradient of aqueous 0.05% trifluoroacetic acid and 0.05% trifluoroacetic 
acid in acetonitrile. The elution pattern indicated a shift in the elution 

25 times from the 22,2 min. and the 23.2 min. for the PEG-insulin 

conjugates with one or two PEG chains respectively, to the 18.9 min. 
and the 19.2 min. for the products after CNBr cleavage. These values 
that are close to that of insulin alone (18.3 min.), demonstrated that the 
PEG moiety was removed, (see Fig. 2, 3 e 4) The mass spectrometry 

30 analysis revealed a mass of one insulin molecule plus one Me residue 
when starting from the monoderivatized insulin (MPEG-Met-Nle- 
insulin) and plus two residues in the case of (MPEG-Met-Nle)2-insulin. 
(see Fig. 5) The mass spectra patterns were by far more clear of those 
obtained in the analysis of the conjugates (examples 5 and 6) since the 

35 presence of the polymer, with its polydispersivity, makes the spectra 
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and their interpretation more difficult and uncertain. Furthermore 
these values were confirmed by aminoacid analysis, finding that 
indicated one or two Nle residues present per insulin molecule in the 
samples. 

5 

All these data are in favour of the possibility to remove PEG from the 
molecule leaving Nle bound 10 and thus demonstrating the validity of 
the method. 

10 Example 9. Reduction and carboxymethylation of Nle-insulin 
500 |ig (0.08 |Limol) of Nle-insulin, obtained from 

MPEG-Met-Nle-insulin as described in example 8, were dissolved in 

250 III of TRIS-HCI buffer, pH 7.5, containing 2 mM EDTA and 

6 M Gdn-HCl 3.8 ing of 1,4-dithio-L-threitol (DTT) were added and the 

15 mixture was left standing for 2 hours at 37°C. Finally 9.2 mg of 

iodoacetamide were added and the mixture was left for 1 hour at 37*'C. 
The solution was lyophilised and the products fractionated by means of 
a Shimadzu semi-preparative HPLC system, using a reverse-phase 
Vydac 218TP54 column (C^g bonded-phase, 0.46x25 cm Ld., 5 um particle 

20 diameter) with a linear gradient of aqueous 0.05% trifluoroacetic acid 
and 0.05% trifluoroacetic acid in acetonitrile. The eluted products 
monitored by absorption at 226 nm wavelength, revealed the presence 
of two main peaks, corresponding to chain a and |3 of insulin, that 
were separated and recovered. The aminoacid analysis after acid 

25 hydrolysis revealed Nle as additional aminoacid among those of chain 
P peak. The Edman degradation (according to Protein Practical Chemistry, 
pag. 371-373, 1986) released Phe and Nle at the first step, indicating that 
the a-amino group was free and consequently PEG was bound to ^^Lys 
of chain p. Furthermore mass spectrometry analysis demonstrated that 

30 the increase of one Nle mass was present only in chain p. 

Example 10. Reduction and carboxymethylation of Nle.-insulin 
600 ^Lg (0. 1 fxmol) of Nle2-insulin, obtained from 
MPEG-Met-Nle-insulin as described in example 8, were dissolved in 
35 200 III of TRIS-HCI buffer, pH 7.5, containing 2 mM EDTA and 6 M 
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using the activated ester of Example 17, This conjugate demonstrated 
biological activities and was able to be selectively cleaved at the Gln-Gly 
bound applying a classical hydrazine treatment. 

5 Example 19 

According to a similar procedure as the one described in Example 1, 
MPEG-Asp-Pro-OH has been prepared starting from MPEG-OH 5000 
and H- Asp-PrO -OH and then transformed into its succinimide 
activated ester MPEG- Asp-Pro -OSu. 

10 

Example 20 

According to a similar procedure as the one described in Example 5, the 
biological active conjugate MPEG-Gln-Gly-insulin has been obtained 
using the activated ester of Example 19. This conjugate demonstrated 
15 biological activities and was able to be selectively cleaved at the Gln-Gly 
bound applying a classical by mild acid treatment. 
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Claims 

1. A biological active conjugate derivative having the following 
general formula (I) 

5 

FE - L - M (I); 
where : 

10 M represents the corresponding radical of a biological active molecule 
selected from the group consisting of proteins, peptides and 
polypeptides; 

FE represents a functionalizing entity; and 

15 

L represents a linking arm having a reporter moiety detectable by 
standard analytical methods; 

characterised in that said linking arm is able to be cleaved by chemical 
20 or enzymatic in vitro treatment and in that said reporter moiety remains 
attached to said biological active molecule once the linking arm has 
been cleaved. 

2. The biological active conjugate derivative according to claim 1 

25 characterised in that said functionalizing entity FE is selected from PEG, 
PVP, PacM, dextran, hormones, antibodies or antibody fragments. 

3. The biological active conjugate derivative according any of the 
preceding claims characterised in that said ftmctionalizing entity FE is a 

30 polymer with a molecular weight in the range of 2 Kd to 50 Kd. 

4. The biological active conjugate derivative according to claim 3 
characterised in that said functionalizing entity FE is a linear polymer. 
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5. The biological active conjugate derivative according to claim 3 
characterised in that said functionalizing entity FE is a branched 
polymer. 

5 6. The biological active conjugate derivative according to any of the 
preceding claims characterised in that said linking arm L comprises the 
foUov^ing fragment Met -X in which X represents said reporter moiety, 
said reporter moiety being an amino acid. 

10 7. The biological active conjugate derivative according to claim 6 
characterised in that said amino acid X is selected from Nle and beta 
Ala. 

8. The biological active conjugate derivative according to any of 
15 claims 1 to 5 characterised in that said linking arm L comprises the 

dipeptide Gin - Gly. 

9. The biological active conjugate derivative according to any of 
claims 1 to 5 characterised in that said linking arm L comprises the 

20 dipeptide Asp - Pro. 

10. The biological active conjugate derivative according to any of the 
preceding claims characterised in that said biological active molecule is 
a protein selected from insulin, lysozime, interferon, erithropoietin, G- 

25 CSF, GH. 

11. A method for identifying, on the biological active drug conjugate 
derivative of claim 1, linkage sites of conjugation of the functionalizing 
entity FE along the biological active molecule M comprising a specific 

30 chemical or enzymatic in-vitro cleavage of the linking arm L, releasing, 
removing and separating FE by classical methods. 

12. An intermediate compound, for the preparation of the biological 
active conjugate of claim 1, having the following general formula (U) 

35 
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FE - L (H); 
where : 

5 FE represents a functionalizing eritity; and 

L represents a linking arm having a reporter moiety detectable by 
standard analytical methods. 



